Running title: Melanin content of the bib of house sparrows. al., 2007). This has been explained through the handicap principle, i.e. low-quality house sparrows do not 33 display large bibs because their production represents costs that these birds cannot afford. In particular, bib 34 expression depends on testosterone levels which in turn suppresses the immune system, and 35 immunosuppression costs would be only affordable by high-quality males (i.e., the immunocompetence 36 handicap hypothesis; González et al., 1999).
37
However, the signal content of house sparrows' bibs is assumed to be intimately related to their 38 constitutive pigments (i.e. melanins), so signal expression (i.e. bib size) is likely to depend more primarily on 39 the mechanisms that control overall melanin biosynthesis than on testosterone level, although testosterone 
46
and Olivares Sánchez, 2011). Thus, understanding how the melanin composition of the house sparrow's bib 47 affects its size might be very useful to understand why this signal is honest.
48
To our knowledge, a chemical analysis of house sparrow bib melanins has never been done, and it 49 has been assumed that variation in bib characteristics depends on its content of 'melanin' in general terms or 50 mostly on eumelanin content (McGraw, 2008) . Thus, it has been assumed that the honesty of the signal 51 should lie in producing more melanin (which would correspond to more melanocytes, assuming that melanin 52 production per melanocyte is independent of bib size), but here we aim at determining the content of 3 eumelanin and pheomelanin in bibs separately, considering that the mechanisms of synthesis of the two 54 chemical forms differ and that this may help understanding the honesty of bib size. We therefore analyse the 55 associations between the size of the bib of male house sparrows (figure 1) kept in captivity during the course 56 of a experiment (in which the levels of the antioxidant glutathione, GSH, were manipulated in some birds 57 while others were controls) and the content of pheomelanin and eumelanin in their feathers. To measure 58 pheomelanin, we used the specific markers 4-amino-3-hydroxyphenylalanine (4-AHP) and thiazole-2,4,5-59 tricarboxylic acid (TTCA), and to analyse eumelanin, we used the specific marker pyrrole-2,3,5-tricarboxylic 60 acid (PTCA) (see Online Supporting Information for experimental and analytical procedures).
61
The general linear model (GLM) exploring the relationship between final bib size (see Online
62
Supporting Information) and TTCA concentration showed a negative and significant effect of TTCA levels (b 
81
Recently, the size of a brown plumage patch in masked boobies Sula dactylatra has also been reported to 82 be negatively associated to the levels of pheomelanin (4-AHP) but not related to the levels of eumelanin 
98
Borrón and Olivares Sánchez, 2011). Therefore, to achieve a low production of pheomelanin that allows the 99 development of a large bib it is necessary that thiol levels in melanocytes, where melanogenesis takes place, 100 are low. In experiments not shown, we found that induced reductions of the levels of GSH led to the 101 development of better phenotypes (i.e., larger bibs) in high-quality birds only (i.e., those which already 
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246
In the house sparrow, the moulting period takes place at the time our experiment was conducted (i.e.
247
July-September; ), but to avoid inter-individual differences in the phenology of plumage 248 moult, on 20 July we plucked the feathers of the bib patch, thus inducing the growth of all the bib feathers.
249
The bib area of male house sparrows is fixed at moult and does not change until the next molt (Anderson, 
254
The birds were held in the same posture, at a fixed distance from the camera, under standardized 
259
random from the inner part of the bib of all birds, which were stored in plastic bags and kept at dark until 11 biochemical analyses were carried out. The birds were released back to nature at the same site where they
261
were captured after all measurements were taken.
263

Analysis of melanins 264
The analysis of melanins was based on the formation and detection by HPLC of specific degradation 
273
Statistical analyses 274
General linear models (GLM) were used to analyse the association between bib size and the levels of 
282
to the model as a fixed factor as well as its interaction with melanin level. A backward stepwise procedure 283 was used to remove non-significant terms, using a p-value of 0.1 as a threshold to abandon the model.
284
We also calculated the total content of eumelanin and pheomelanin of the bib of house sparrows by 
294
The mean (± SE) total content of pheomelanin was 665.51 ± 38.60 ng with a CV of 5.85 for TTCA,
295
and 324.23 ± 51.65 ng with a CV of 10.85 for 4-AHP. Regarding eumelanin, the mean total content of PTCA 296 was 6570.31 ± 405.11 ng and its CV was 4.81.
297
The association between bib size and TTCA levels did not change when only control birds were 
301
Discussion 302
The dispersion of data around the mean was higher for the total content of pheomelanin in the bib than in the 303 total content of eumelanin. Thus, although the total content of eumelanin in the bib was considerably greater 304 than the total content of pheomelanin, the content of pheomelanin was more variable among individual birds 305 than the content of eumelanin, up to more than twice in the case of 4-AHP. This supports the idea that 306 pheomelanin, even at relative low concentrations in the bib of house sparrows, may have a significant role 307 mediating the honesty in the bib size of male house sparrows. This is because honest signals are traits 308 whose expression depends on the physical condition of the bearers and are sexually selected (which applies 309 to the bib of male house sparrows; Nakagawa et al., 2007) , and this makes that these traits are a large target 310 for genetic variation (Tomkins et al., 2004) .
